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Abstract 
The parylene is a polymer of p-xylene and it is polymerized by pyrolysis of the parylene dimer called di-p-xylene. 
Until now the thickness of parylene has been controlled by adjusting the amount of the parylene dimer. However, the 
parylene film is required of more accurate and reproducible control method. This work presents the quartz crystal 
microbalance (QCM) for the on-line monitoring of parylene thickness. QCM was installed at the deposition chamber 
and the QCM signal monitoring was carried out during the whole deposition process. The QCM sensorgrams were 
recorded and the resonance frequency shift by the deposition of parylene on the QCM was correlated to the thickness 
of parylene film from the AFM. From the linear correlation parameters between the resonance frequency shift 
analysis and the film thickness, the QCM monitoring was determined to be feasible for the monitoring of parylene 
film thickness during the parylene deposition process. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The parylene is a polymer of p-xylene and it is polymerized by pyrolysis of the parylene dimer called di-
p-xylene. The parylene has been reported to have chemical-resistance, electric isolation, water-proof, 
transparency, and so on. Due to their ability to form thin films that can conform to substrates of varied 
geometric shapes, parylene polymers are ideally suited for conformal coatings in a wide variety of fields. 
Conformal coatings can serve as to protect electronic assemblies where high reliability and long 
switching life is required. Parylene has also found its way into commercial and industrial uses because its 
material properties suit it to serve as a protective coating. The coatings exhibit stable dielectric properties 
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over the wide range of temperatures in which military hardware is expected to perform. They also possess 
a low dielectric constant minimizing the unwanted loading of high frequency tuned circuits. Recently, we 
applied the modified parylene films for medical diagnostics [1-2]. For such purposes, the thickness of 
parylene film required to be accurately and reproducibly controlled. However, the thickness of parylene 
has been controlled until now by adjusting the amount of the parylene dimer. This work presents that the 
QCM can be used for the on-line monitoring of parylene thickness.  
2. Materials and methods                                                      
2.1 Deposition of Parylene film 
As shown in Fig. 1, the parylene is deposited as a thin film by the following polymerization steps: (1) 
evaporation of dimer powder at the temperature of 140~180 , (2) pyrolysis for the production of highly ଇ
reactive p-xylene radicals at the temperature 650 , (3) and deposition to the substrate under vacuum ଇ
condition of less than 5 Pa at room temperature. In this work, parylene films were prepared by using a 
parylene coater and a parylene dimer called parylene N supplied from Femto Science Co (Korea). The 
parylene coater has a cylindrical deposition chamber with a capacitance of 10 L. After the evaporation 
was finished completely, the deposition to a substrate was carried out by supplying the evaporated 
parylene monomer gas into the deposition chamber under vacuum condition of less than 5 Pa at room 
temperature. The whole coating procedure was reproducibly carried out by the microprocessor controlled 
parylene coater. 
Fig. 1: Scheme of parylene deposition process 
2.2 Instrumentation of QCM 
The QCM chip with a diameter of 25 mm was installed at the deposition chamber of the parylene coater. 
The QCM chip with a resonance frequency of 10 MHz and the oscillator were supplied from IBMT 
(USA). The actual resonance frequency was on-line measured by using a frequency counter from Agilent 
Co (USA) which was connected to PC. The QCM measurement was carried out during the whole process 
of parylene coating of vaporization, pyrolysis and deposition.
3. Results and discussion 
In this work, the QCM was installed at the deposition chamber and the QCM signal monitoring was 
carried out during the whole deposition process. According to the initial amount of parylene dimer, the 
QCM sensorgrams were recorded and the resonance frequency shift by the deposition of parylene on the 
QCM was converted into the mass changes by using Sauerbrey equation:  
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where Uq is the quartz density, μq is the crystal shear module, f0 is the crystal fundamental frequency, A is 
the crystal piezoelectrically active geometrical area (defined by the area of the deposited metallic film on 
the crystal), and 'm and 'f correspond to mass and system frequency changes, respectively.  
Fig. 2: On-line QCM sensorgrams. (a) Typical QCM sensorgram during parylene deposition process. (b) Resonance frequency shift 
according to the initial amount of parylene dimer. 
As shown in Fig. 2(b), the resonance frequency shift was observed to be increased according to the initial 
amount of parylene dimer which implied the increased of the deposited parylene film thickness. As 
shown in Fig. 3, the shape of curve seems to be different according to the amount of parylene dimer. Such 
a difference resulted from the deviation of temperature control for evaporation and pyrolysis of parylene 
dimer. In the case of the amount of parylene dimer of 400 mg, the deposition rate is observed to be slower 
than the other deposition cases which were resulted from the delayed evaporation of parylene dimer. The 
time taken for the deposition is observed to be longer than the calculated value. These results mean that 
the process control of parylene deposition has limit to be carried out by using the amount of parylene 
dimer and the deposition time. From these results, the QCM monitoring was determined to be feasible for 
the monitoring of parylene film thickness during the deposition process. 
Fig.3: AFM analysis of the thickness of parylene films: (a) Parylene dimer of 300 mg, (b) Parylene dimer of 500 mg. 
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 In this work, the conventional process control based on adjusting the amount of parylene dimer and the 
time taken for deposition was presented to have limits to get a parylene film with accurate and 
reproducible thickness. As shown in Fig. 3, the thickness of each parylene film was determined by using 
an AFM from Park Systems Co (Seoul, Korea).  
Fig. 4: Correlation curves between initial amount of parylene dimer and measured parameters. (a) Correlation between initial amount of 
parylene dimer and resonance frequency shift of QCM monitoring. (b) Correlation between thickness of parylene film and resonance frequency of 
QCM monitoring.
As shown in Fig. 4(a), the resonance frequency shift was observed to have a correlation of 47.8 Hz/mg 
with a linearity coefficient of 0.997 to the initial amount of parylene dimer. Finally, the thickness of 
parylene film was determined to have a correlation of 0.016 nm/Hz with a linear coefficient of 0.941 to 
the resonance frequency shift. These results of on-line monitoring of the resonance frequency of QCM 
demonstrated that the process control of parylene deposition can be better performed with an expected 
deviation than the conventional method. 
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